This paper presents a novel methodology that track and measures the overall energy performance in oil and gas companies based on the leading energy performance indicator (EnPI). Although such tool does not directly measure an actual and reflect an as-is operational data of the companies' energy performance, it tracks the achievements in the key work processes or the implementation status of an Energy Management Systems (EnMS). As introduced by the International Organization for Standardization (ISO) in 2011, EnMS consists of interacting elements from proven deployment and implementation steps based on the Plan-Do-Check-Act (PDCA) continual improvement framework. The lacks of industrial standards and literature have resulted in the sparse application of leading EnPI. The proposed leading EnPI tool is based on the defined activities that affect the deployment and implementation of EnMS. Such tool is required for continuous improvement and promotion of strong partnership among all stakeholders. To illustrate the proposed methodology, the progress of EnMS implementation, identification of energy-saving initiatives, and review of potential energy savings of the major oil and gas companies are performed.
INTRODUCTION
Energy Management Systems (EnMS) is a set of interrelated or interacting elements of an organisation to establish energy policies from identified visions as well as to develop steps (e.g., defining and tracking energy performance indicators (EnPIs)) to achieving the defined objectives (ISO50001, 2018) . According to the International Petroleum One of the important steps of EnMS is to establish EnPIs (Hassim et al., 2018) . EnPIs assist oil and gas companies in gauging their overall EnMS implementation against ISO 50001expectations as well as desired performance targets.
Therefore, dedicated actions can be taken to correct them.
EnPIs will ensure common objectives of EnMS (e.g., increase reputation, improve energy intensity, reduce cost and greenhouse gas (GHG) emission) are met (Nuaim, ASM Science Journal, Volume 12, 2019 2 2019). Based on IPIECA (2013b), two types of EnPIs are introduced, which are leading and lagging.
Most of the oil and gas companies that applied lagging
EnPIs are based on actual operational data that reflect the as-is situation of energy performance (IPIECA, 2013a) . A basic measure of lagging EnPI is also known as Energy Intensity (EI) or Energy Utilization Index (EUI) in industry and building respectively. EI is a measure of the energy required in generating a unit of product (Solomon, 2013) .
Meanwhile, EUI is a measured value of the amount of energy annually used for cooling or heating a building or facility per area of conditioned space (Turner, 2001) .
Lagging EnPI is based on actual operational data which reflects an organisation's energy performance at the time of data collection (Vanner, 2013) . It is noted that lagging EnPI refers to past achievement (ISO 50006, 2014) . The application of lagging EnPI is common and essential to the global economy for decades to come in most of the prominent oil and gas companies (Parmenter, 2007) . Note also that lagging EnPI has been effectively applied in many Japanese companies for decades in managing uncertainty in the energy supply chain (Imai, 1986 ).
On the other hand, leading EnPI provides overall progress in driving for continuous improvement in the energy performance (The Arabian Sun, 2014). Marcus (2011) indicated that leading EnPI is a preferred tracking tool to monitor the progress of continuous improvement in overall energy performance, tracking performance scorecard and reporting results of EnMS implementation. Estes (2009) suggested that leading EnPI can be applied to monitor the progress against the implementation objectives of EnMS in which companies are deployed. In some cases, progress is defined by the achievement made towards milestones, but often, it is simply the repeated achievement of some levels of operational objectives and targets. However, the application of leading EnPI is still in the early stage (DNV, 2015) . Kumana and Sidhwa (2009) addressed that there is no accepted industry standard for developing a leading EnPI.
Although the proposed concept is simple, the actual implementation of a company-wide monitoring program is usually fraught with challenges, many of which are often political and cultural rather than technical (Kumana and Sidhwa, 2009).
A. Leading Energy Performance Indicator
The introduction of leading EnPI is believed to support and extend the idea of continuous improvement (Parmenter, 2007) . Despite several claims to the application of leading EnPI in boosting productivity, lowering down energy utilisation and reducing environmental footprint at concerned oil and gas companies, the revealed information details are scarce (Schuster, 2015) . It appears that the leading indicator has yet to be fully adapted to measure energy performance as there is no literature that describes any successful application in major oil and gas companies (Kumana and Sidhwa, 2009 ). In addition, limited works have focused on the implementation of leading EnPI, especially in oil and gas industry. Thus, newly established methodology shall be explored to determine its flexibility as well as effectiveness to drive for improving the overall energy performance. On the other hand, the leading indicator application is not new as there are a number of non-oil and gas companies that have measured their business achievements other than energy performance for decades. Table 1 summarises the prominent international companies that utilise leading indicators to predict their business sustainability. Figure 1 provides a brief methodology of this whole concept, as presented in this paper. The main objective is to select the appropriate leading EnPI methodology for the concerned oil and gas companies. The leading EnPI methodology must be practicable, user-friendly and can push for continuous improvement. It also includes a method to define realistic baselines and targets that can induce EnMS implementation status and drive to ultimate energy efficiency performance.
II. METHODOLOGY
Firstly, surveys or interviews are conducted to define expectations from various parties (e.g., collection of organisations' energy visions, strategies and methods of performance tracking). This step is intended to conclude organisations stand on the following subjects; overall EnMS commitment, method of tracking the EnMS implementation progress and ongoing effort to improve energy performance.
In this case, a survey will be initiated on more than 30 facilities from an anonymous national oil and gas company.
The survey aims to understand respondents' views on
EnMS, especially EnPI so that necessary challenges can be identified. Subsequently, the second survey will be conducted to figure out common approaches to mitigate all those challenges.
It follows by collecting relevant lessons learned from industries pamphlets, annual reports, company websites, magazines, literature and journals as ways to define expectations on EnPI, especially leading indicators.
Collected information will be reviewed to find their rationales. This information will be referred in defining an applicable leading EnPI for oil and gas companies.
Subsequently, a selected leading EnPI methodology is piloted as a case study at one of the oil and gas companies.
The associated tasks before fulfilling this step are as follows;
• Coordinating case study that involves gathering organisation buy-in, conduct training and awareness, assist deployment and implementation of preferred EnMS and engage in self-assessment exercises.
•
Managing self-assessment data that comprises of data collection, review and validation.
Reporting findings that include defining conclusion, way forward endorsement, and presentation.
Finally, the outcomes from the case study will be closely reviewed to capture lessons learned. Detail description of the case study is presented in Section 3.3.
Figure 1: Steps of this study

III. ESTABLISH A CUSTOMISED METHODOLOGY OF LEADING ENPI
The following sub-titles will describe the detailed mechanisms to establish and deploy of the leading EnMP as a tool to track the implementation of EnMS in oil and gas companies. It follows with a case study at one of the leading oil and gas companies.
A. Identify Suitable EnPI
Two surveys were completed on more than 30 facilities from an anonymous national oil and gas company. The outcomes from these surveys were evaluated to define the need for special focus on leading EnPI. The findings of common expectations, challenges and mitigations in implementing EnMS are listed in • Implementation status of energy conservation initiatives.
• Energy performance trends such as energy efficiency by product, process unit and major equipment.
• Energy objectives and targets the status of achievement.
• Effectiveness of operational and maintenance activities to enhance energy efficiency.
• Level of awareness among the companies' management and employees. The proposed EnPI is unique as it covers the whole elements of PDCA, other critical expectations of EnMS as well as organisations objectives and targets. Table 4 provides a brief comparison to two other popular leading EnPI methodologies, which mainly focus on fragmented areas of interests or even based on random samples. The
proposed EnPI provides reliable source of information on EnMS implementation status at any given time. It also identifies gaps before meeting the desired objectives and targets. In addition, it can be executed without any associated cost and third party's engagement.
B. Deployment of Leading EnPI
The deploying methodology of leading EnPI applied in this paper is based on reputable references such as Energy Star (Energy Star, 2016), actual site application as well as a relevant ISO standard (ISO 50006, 2014) . Actual site application will be discussed in the case study (Section 3.3).
In order to deploy the selected leading EnPI, it involves a number of implementation steps. Figure 2 illustrates the overview of the proposed methodology to cover for Deming PDCA quality cycle.
It starts with the establishment of activities list from applicable steps and related sub-steps as per reputable EnMS such as ISO 50001. Figure 3 illustrates the example of steps and sub-steps of EnMS that are commonly applied as leading drivers for continuous improvement in energy performance. Subsequently, the applicable list of essential energy-related tasks that aim for continuous improvement can be selected. As reference, Finally, a performance review with the management can be conducted. Any feedback gathered from the review will be considered to improve the implementation of EnMS.
In order to meet the intent of this paper, which focuses on simplification, practical and easy to implement, the simple self-assessment approach shall be selected. A case study on the actual implementation of tracking the leading EnPI for an oil and gas company will be compiled as reference. 
C. Define Energy Baseline and Target for Leading EnPI
The understanding of current and future direction in selected leading EnPI is one of the critical tasks prior to identifying opportunities to improve energy performance and gain financial benefits (BP, 2012; Energy Star, 2016) .
Performance assessment is the periodic process of evaluating its implementation progress within any applicable function and task in the company. Therefore, establishing solid baselines for measuring future results of ongoing efforts is essential. The success of an EnMS depends on continuous examining of its performance using the PDCA cycle. When it comes to measuring progress toward these elements, though, the best way to monitor it is with the use of energy management metrics. There are numerous methods, strategies, and key metrics that companies may use for analysing and benchmarking energy performance. However, the most appropriate approach is to evaluate the EnMS implementation progress against certain targets such as the minimum requirement defined by relevant ISO standards (ISO 50001, 2018; ISO 50006, 2014) or implementation tasks as per Table 5 .
The target score depends on specific site condition, methodology, visions, baselines and current progress status.
The list of example baselines and target set are described in Table 6 . It can be extended to include other dimensions such as energy-saving generated, patents compiled, and recognitions received. 
Division Description
A The main function is to treat and process the raw gases to meet the power plants and downstream requirements. This division consists of six gas treatment facilities B and C The main function of these two divisions is to provide oil, gas and water separation from raw crude and gas wells. These two divisions are separated by demography. Both of these divisions consist of five production facilities D This is a downstream division that consists of six refinery and condensate splitters facilities will be allocated to a division that fully meets all agreed expectations. The allocation for PDCA may be different; for example, during the early stage of EnMS implementation, the PDCA stage will be given an equal weight of 25%.
However, as the program progress, the Do and Check will be given the highest weight. Once the program is matured, the Act stage will obtain the highest weight in order to ensure continuous improvement is fully embraced by the concerned divisions. In this case, study, since this is an early stage of EnMS implementation at Company-X, therefore all PDCA will be given equal weight. Subsequently, a set of questionnaires have been prepared to measure the implementation status of all concerned facilities against "compliance status" to meet the intent of EnMS' PDCA. EnMS progress measures are based on the second out of five levels of leading energy performance indicator matrix as per Table 8 .
Questionnaires are randomly selected based on the main expectations from defined steps and sub-steps of ISO 50001 standards (Hassim et al., 2018) as illustrated in Figure 3 .
Selected questionnaires are listed in Table 9 , and it will be completed by all concerned facilities. In order to improve the effectiveness of the assessment, all evidence is required to be furnished by all concerned facilities for reference.
Results will be submitted to the concerned corporate entity for data validation, analysis, and followed by gaps identification. Figure 4 shows an actual data of leading EnPI score by six divisions from the Company X against the minimum requirement of ISO 50001. Overall progress was 94% toward meeting "compliance level" score. Each trend provides an indication of how well these business lines are in four categories; PDCA with equal weight (25%) is allocated to each of the EnMS elements. The score indicated that the company has yet to meet the full expectations of ISO 50001, especially in the "Monitoring" and "Act" stages.
Therefore, the comprehensive analysis shall be taken by the company to address the results, particularly on the performance monitoring on selected SEUs as well as finding ways on how to improve them. EnPI, which is focusing on simplification, practical and easy to implement, a simple measure of self-assessment needs to be selected and established.
The establishment of leading EnPI baselines and targets always depends on company approaches, alignment with company business plan and avoid any conflict with other strategies. Similarly, challenging EnPI targets shall be selected to enable the company to be on the right path of excellence which includes implementation of energy-saving initiatives in operational, quick fix and capital project.
Benchmarking between the similar type of process within its sister companies or with external companies requires detail study as many factors can be considered.
V. CONCLUSION
This paper has concluded that a leading EnPI is a preferred tool for tracking the deployment and implementation status of EnMS at any concerned oil and gas company. Application of the proposed EnPI requires a systematic self-assessment method to ensure its effectiveness. The self-assessment method should be established as simple to administer and complete.
Dedicated efforts are required to ensure a fair presentation, independence and professionalism of the selfassessment outcomes. Through the determination of actual implementation progress against defined targets, therefore the factual status of EnMS implementation can be concluded. Methods for self-assessment may differ between organisations and whether it pertains to the high level, desktop or even detailed review including physical sites verification. Regardless which method has been deployed, it shall be performed with the intent to reveal the tangible drivers of improvement.
While developing the method to conduct self-assessment, a set of simplified self-assessment guidelines needs to be embedded into the method. The most important step is to appoint a competent person who can recognise EnMS implement gaps and can mitigate those gaps. As a quality check, a competent EnMS lead assessor should be engaged in this process and commented on the outcomes. In addition, dedicated computer programming models can be developed if applicable to minimise the subjectivity of the outcome and for document control purposes. The purpose of the programming is to find a sequence of instructions that will automate performing a specific task or solving a given problem. The process of programming often requires expertise in many different subjects, including knowledge of the application domain, specialised algorithms, and formal logic.
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